In this paper we report the occurrence of zoonotic species of Cryptosporidium (C. ubiquitum and C. parvum subtype IIaA15G2R1) and the host-specific Giardia duodenalis genotype E in a sheep farm from Brazil. Fecal specimens were collected from 100 animals and screened for the presence of G. duodenalis and Cryptosporidium spp. by enzyme immunoassay (EIA) and polymerase chain reaction (PCR). Restriction fragment length polymorphism (RFLP) and sequence analysis of selected samples was used to confirm the species and to characterize the isolates. Of 100 specimens, 34 were positive for Giardia (34%) and 25 were positive for Cryptosporidium (25%). The prevalence of Giardia and Cryptosporidium was higher in lambs than in ewes. Co-infection was observed in 14% of animals. All G. duodenalis isolates belonged to genotype E. The genetic characterization performed in 22 Cryptosporidium-positive samples revealed the presence of zoonotic C. ubiquitum and C. parvum in 76% (19/25) and 12% (3/25) of infected animals, respectively. The presence of zoonotic Cryptosporidium subtypes in lambs was of epidemiological and public health relevance.
Giardia duodenalis (syn. Giardia intestinalis, Giardia lamblia) and Cryptosporidium spp. are intestinal protozoan parasites that commonly infect the large intestine of a wide variety of domestic animals and humans. Infection with G. duodenalis and Cryptosporidium spp. is endemic in certain sheep populations around the world (Santín et al. 2007; Geurden et al. 2008; Wang et al. 2010; Robertson et al. 2010) . In sheep, G. duodenalis and Cryptosporidium spp. are most common in young animals, and a high rate of morbidity has been reported in lambs (Yang et al. 2009 ). Sheep are susceptible to infection with three genetic subtypes of G. duodenalis: the zoonotic genotypes A and B (Giangaspero et al. 2005; Aloisio et al. 2006; Yang et al. 2009; Robertson et al. 2010 ) and the hostadapted genotype E (Ryan et al., 2005; Santín et al. 2007; Geurden et al. 2008) . Numerous studies have performed genetic characterization of Cryptosporidium spp. isolates collected from sheep and have consistently demonstrated the occurrence of the zoonotic species C. parvum, C. ubiquitum (previously names C. cervine genotype); and the host-adapted species C. bovis, C. xiaoi and C. andersoni (Ryan et al. 2005; Elwin and Chalmers 2008; Geurden et al. 2008; Yang et al. 2009; Fayer and Santín 2009; Wang et al. 2010; Robertson et al. 2010; Fayer et al. 2010) . Therefore sheep can be a source of zoonotic oocysts from both protozoans. This paper presents a case report of high prevalence of co-infection with Cryptosporidium and Giardia within a sheep herd in Brazil with a predominance of a Cryptosporidium zoonotic species.
The study was conducted on a farm in the county of Tupi Paulista, which is located in northwestern São Paulo State, Brazil. The sheep were also used in another trial carried out to evaluate the effect of rotational and alternate grazing with adult cattle on the control of nematode parasites in sheep (Rocha et al. 2008) . The animal population of the present study consisted of 100 animals: 40 ewes (2-5 years old), 30 young lambs (0-2 months old), and 30 young tracer lambs (3-6 months old) that grazed with the sheep flock for a period of 32 days. All animals were of the Ile de France breed. Feces were collected directly from each animal into a plastic specimen cup that was immediately capped, labeled, and placed on ice in an insulated container. Feces were transported to the Laboratory of Parasitic Diseases, UNESP -Univ Estadual Paulista, Botucatu, São Paulo.
Collected specimens were screened for the presence of G. duodenalis and Cryptosporidium spp. by enzyme immunoassay (EIA) and polymerase chain reaction (PCR). The GIARDIA II® antigen EIA (Techlab, USA) and the CRYP-TOSPORIDIUM TEST® antigen EIA (Techlab, USA) were used to demonstrate the presence of G. duodenalis and Cryptosporidium spp. in frozen preserved samples. A fragment of the GDH gene of Giardia (432 bp) was amplified by seminested PCR using the primers GDHeF, GDHiR and GDHiF as previously described (Read et al. 2004) . Cryptosporidium species and genotypes were identified using a nested PCRbased protocol. The secondary PCR product from the small subunit ribosomal (SSU-rRNA) gene (with a size ranging from 826 to 864 bp depending on the isolate) was amplified by nested PCR as previously described (Xiao et al. 2001) . A fragment of the 60 kDa glycoprotein (GP60) gene was amplified by nested-PCR (Peng et al. 2003 ) using primers 5'-ATAGTCTC-CGCTGTATTC-3' and 5'-GCAGAGGAACCAGCATC-3' (primary PCR) and 5'-TCCGCTGTATTCTCAGCC-3' and 5'-GAGATATATCTTGGTGCG-3' (secondary PCR). The G. duodenalis genotypes were determined by restriction fragment length polymorphism (RFLP) analysis as previously described (Read et al. 2004) . PCR-RFLP analysis of the secondary PCR products for the SSU-rRNA gene was performed using SspI, VspI, DdeI and MboII to differentiate Cryptosporidium species and genotypes (Xiao et al. 2001; Feng et al. 2007) . The species/genotype assignments were made by comparing the RFLP profiles to known profiles reported in the literature (Xiao et al. 2001; Feng et al. 2007 ). The selected purified GDH G. duodenalis, SSU-rRNA Cryptosporidium and GP60 Cryptosporidium secondary products were bidirectionally sequenced using the BigDye® Terminator v3.1 Cycle Sequencing kit (Applied Biosystems). Sequencing reactions were performed on an ABI 3500 Genetic Analyzer®. The quality of the generated chromatograms was analyzed using ABI Sequencing Analysis® v5.3. The nucleotide sequences were analyzed using MEGA version 4.0. The sequences were compared with sequences in GenBank using BLAST analysis (http://www.ncbi.nlm.nih.gov/blast).
Among the 100 samples collected, G. duodenalis was detected in 34% by PCR versus 27% by EIA. The G. duodenalis GDH and SSU-rDNA genes (approximately 432 bp and 170 pb, respectively) were amplified in samples from all 27 animals positive by EIA. Moreover, diagnostic fragments were also amplified in samples from seven lambs found to be negative by detection of cyst antigen in fecal specimens. Consequently, the occurrence of G. duodenalis infection in lambs and ewes in the flock was found to be 34% (34/100) based on PCR results. For Cryptosporidium, PCR was also a more sensitive detection method than EIA. This protozoan was detected in 25% of samples by PCR versus 13% by EIA. The Cryptosporidium SSU-rRNA gene was amplified in samples from all 13 animals shown to be positive by EIA. Moreover, diagnostic fragments were also amplified in samples from 12 lambs found to be negative by detection of oocyst antigen in fecal specimens. Thus, the occurrence of Cryptosporidium infection in sheep was 25% (25/100) based on PCR results. No samples were determined to be positive by EIA, nor to be negative by PCR. Co-infection with Giardia and Cryptosporidium was detected in 14 samples.
The occurrence of these protozoans was higher in lambs than in ewes. Infection with G. duodenalis in lambs and ewes was 32% and 2%, respectively. Cryptosporidium was found in 22% of lambs and 3% of ewes. Both the lambs and ewes examined in the study were asymptomatically infected with G. duodenalis and Cryptosporidium; none of the animals exhibited diarrhea at the time of sample collection.
All G. duodenalis-positive fecal samples from the study flock were successfully characterized genetically; thus, all positive specimens were subject to RFLP and/or sequencing analysis to determine the genotype present. The RFLP fragments generated by the NlaIV digest of the G. duodenalis GDH products appeared to be similar in size to those of genotype E G. duodenalis (three visible fragments of approximately 80, 100 and 220 bp) based on agarose gel electrophoresis analysis. This genotype was present in samples from lambs and ewes. Sequence analysis confirmed all of the results. Fourteen partial G. duodenalis GDH gene sequences generated in this study have been deposited in GenBank under the accession numbers JN112805 to JN112818.
For 19 PCR products, RFLP analysis with SspI and VspI restriction endonucleases yielded a banding pattern with two (~390 and 426 bp) and three (~104, 182 and 476 bp) visible bands, respectively. This profile was indicative of C. felis or C. ubiquitum (Cryptosporidium cervine genotype), because both have the same restriction pattern (Trotz-Williams et al. 2006) . Sequence analysis of the secondary SSU-rRNA PCR products of the selected isolates confirmed the identification of C. ubiquitum. DNA sequencing of randomly chosen isolates produced results that were identical to previously reported C. ubiquitum sequences deposited in GenBank (Wang et al. 2010) . Two selected C. ubiquitum SSU-rRNA nucleotide sequences were deposited in GenBank under accession numbers JN247402 and JN247403.
Three isolates yielded band profiles consistent with C. parvum. These isolates were identified as C. parvum subtype IIaA15G2R1 by GP60 sequencing. The isolate "BRAsheep53CII" (GenBank JN247404) collected in this study had 100% similarity (854 bp) with C. parvum (GenBank AB513880) derived from cattle (Amer et al. 2010) . The GP60 nucleotide sequence of this isolate (GenBank JN384016) had 100% similarity with isolate "cp3-cloneMS2" (GenBank GU214358) from Australia (Pangasa et al. 2010) . We excluded three Cryptosporidium spp. positive samples from the data used for the genetic characterization due to an insufficient amount of DNA for analysis. Overall, genetic characterization revealed the presence of zoonotic C. ubiquitum and C. parvum in 76% (19/25) and 12% (3/25) of infected animals, respectively.
The prevalence of G. duodenalis in sheep ranged from 1.5% to 43% in surveys from North America and Europe (Giangaspero et al. 2005; Santín et al. 2007; Geurden et al. 2008; Gómez-Muñoz et al. 2009 ). Cryptosporidium-infected sheep have been detected worldwide (Wang et al. 2010; Robertson et al. 2010; Amer et al. 2010) , and specifically in Belgium (Geurden et al. 2008) , the United Kingdom (Elwin and Chalmers 2008) , the USA (Santín et al. 2007) , Australia (Ryan et al. 2005; Yang et al. 2009) . In previous Brazilian studies, the prevalence of Cryptosporidium based on microscopy ranged from 3.7 to 55.5% (Green et al. 2004; Meireles 2010) . These results were similar to those found in this study. It is likely that the percentage of animals positive for both parasites in this study would have been higher if more than one fecal specimen had been collected.
The prevalence of G. duodenalis infections is significantly higher in lambs than in ewes (Ryan et al. 2005; Santín et al. 2007) . Similarly, lambs are more often infected with Cryptosporidium than adult sheep (Ryan et al. 2005; Santín et al. 2007) . These previous reports are consistent with our data, which show that 32% and 22% of lambs and only 2% and 3% of the sheep were infected by G. duodenalis and Cryptosporidium, respectively.
There are few published studies to date that have performed the genetic characterization of G. duodenalis and Cryptosporidium in sheep in Brazil. The lambs and ewes were predominantly infected with G. duodenalis genotype E, which is not infectious for humans. This genotype is the most prevalent genotype in sheep worldwide (Santín et al. 2007; Geurden et al. 2008; Wang et al. 2010; Robertson et al. 2010) , although the zoonotic genotypes A (Giangaspero et al. 2005; Ryan et al. 2005; Gómez-Muñoz et al. 2009 ) and B (Aloisio et al. 2006) have also been detected in sheep in other studies.
Cryptosporidium ubiquitum is now recognized as one of the most commonly occurring Cryptosporidium species worldwide with a broad host range. This species is the most widespread Cryptosporidium species found in sheep and has also been detected in human feces worldwide (Fayer et al. 2010) . In addition to being the most widespread species, several studies have also reported a high prevalence of C. ubiquitum in sheep (Ryan et al. 2005; Santín et al. 2007; Elwin and Chalmers 2008; Wang et al. 2010) . However, this protozoan was only detected in 2.2% and 6.5% of infected sheep in Belgium and Australia, respectively (Geurden et al. 2008; Yang et al. 2009 ). Recently in Brazil, a study on the genetic characterization of Cryptosporidium isolates from sheep demonstrated a low rate prevalence of this parasite; only 1.6% of animals were infected with C. ubiquitum (Fiuza et al. 2011) . Intragenotypic variation of C. ubiquitum was seen in the SSUrRNA sequences from some samples included in this study (data not shown). These data demonstrate the heterogeneity within the C. ubiquitum genotype group, as observed in others studies (Elwin and Chalmers 2008; Fayer and Santín 2009 ). Another species (C. parvum) was also identified in lambs in Brazil (Meireles 2010) .
The C. parvum were subtyped as IIaA15G2R1 by analysis of the GP60 gene sequence. This subtype has been reported worldwide and represents the most common subtypes in livestock. It is also frequently found in humans.
The data obtained in the present study indicate that the sheep in the flock investigated are commonly infected with zoonotic species of Cryptosporidium, and thus there is evidence to support the role of sheep as reservoirs of this human pathogen.
